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High-throughput screening (HTS) assays used in drug discovery
frequently use reporter enzymes such as firefly luciferase (FLuc) as
indicators of target activity. An important caveat to consider,
however, is that compounds can directly affect the reporter,
leading to nonspecific but highly reproducible assay signal mod-
ulation. In rare cases, this activity appears counterintuitive; for
example, some FLuc inhibitors, acting through posttranslational
Fluc reporter stabilization, appear to activate gene expression.
Previous efforts to characterize molecules that influence luciferase
activity identified a subset of 3,5-diaryl-oxadiazole-containing
compounds as FLuc inhibitors. Here, we evaluate a number of
compounds with this structural motif for activity against FLuc. One
such compound is PTC124 {3-[5-(2-fluorophenyl)-1,2,4-oxadiazol-3-
yllbenzoic acid}, a molecule originally identified in a cell-based FLuc
assay as having nonsense codon suppression activity [Welch EM, et
al., Nature (2007) 447:87-91]. We find that the potency of FLuc
inhibition for the tested compounds strictly correlates with their
activity in a Fluc reporter cell-based nonsense codon assay, with
PTC124 emerging as the most potent FLuc inhibitor (ICso = 7 = 1
nM). However, these compounds, including PTC124, fail to show
nonsense codon suppression activity when Renilla reniformis lu-
ciferase (RLuc) is used as a reporter and are inactive against the
RLuc enzyme. This suggests that the initial discovery of PTC124 may
have been biased by its direct effect on the FLuc reporter, impli-
cating firefly luciferase as a molecular target of PTC124. Our results
demonstrate the value of understanding potential interactions
between reporter enzymes and chemical compounds. These results
also emphasize the importance implementing the appropriate
control assays before interpreting HTS results.

reporter gene assays | high-throughput screening

andidate molecules for drug development are increasingly

derived from high-throughput screening (HTS) of com-
pound libraries (1). Reporter enzymes such as firefly luciferase
(FLuc) are commonly developed to monitor the effects of
chemical compounds on target or pathway activity in HTS (2, 3).
However, off-target activity such as assay signal modulation that
occurs because of a direct interaction of a compound with the
reporter enzyme can lead to the false assumption that the
compound is active against the target. One such example of
off-target activity occurs when a compound directly binds to, and
stabilizes, the reporter protein (4).

Reporter enzymes (E), specifically FLuc, can be stabilized by
inhibitors (I) if the E-I complex formed is more resistant to
degradation than free, unliganded enzyme (4, 5). Firefly lucif-
erase is an exquisitely sensitive reporter (2) with a half-life of ~4
h; however, even a modest increase in half-life caused by
formation of an E:I complex within the cells can lead to
significant increases in reporter levels at typical reporter gene
assay incubation times (4, 6, 7). Although a stable E-I complex
is formed within the cell, detection of reporter enzyme activity
typically involves the addition of excess reporter substrates,
which can effectively compete off stabilizing inhibitors [Fig. 1
and see supporting information (SI) Appendix, Figs. S1-S3].
Therefore, reporter enzyme activity is detected readily despite
the prior formation of an E-I complex within the cellular milieu.
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In fact, we have found that because of the accumulation of
stabilized reporter enzyme, apparent enhancement of reporter
activity is often observed (4).

We have profiled the Molecular Libraries Small Molecule
Repository (MLSMR), a collection of structurally diverse com-
pounds representative of those tested in drug discovery HTS,
using a FLuc biochemical assay (see PubChem AID: 411). In this
effort, we determined the ICs values for 70,000 samples from
the MLSMR and identified several classes of FLuc inhibitors
that included 71 compounds with a 3,5-diaryl-oxadiazole core
(8); (see also SI Appendix, Table S1). Subsequent work demon-
strated that 3,5-diaryl-oxadiazoles appeared to cause an activa-
tion phenotype in cell-based reporter gene assays employing
expression of wild-type FLuc (S Appendix, Fig. S3) caused by
interaction and stabilization of the compound with the luciferase
enzyme (4).

A 3,5-diaryl-oxadiazole that has received significant attention
because of its purported activity as a nonsense codon suppressor
is {3-[5-(2-fluorophenyl)-1,2,4-oxadiazol-3-yl]benzoic acid}
(PTC124) (Fig. 2). This compound was originally identified
through HTS for small molecules that increased the frequency
of readthrough of a premature nonsense mutation in a FLuc
gene (9). The cell-based assay used to test compounds for this
activity relied on the detection of increased FLuc activity,
caused, presumably, by increased translation of full-length FLuc
protein as a result of nonsense codon suppression activity by the
small molecule. However, we noted that the 3,5-diaryl-
oxadiazole scaffold is associated with inhibition of FLuc (8). In
the initial characterization of PTC124, FLuc activity was shown
to increase whereas FLuc mRNA levels were unchanged in the
presence of PTC124 (9); though consistent with these data, the
possibility of reporter stabilization was not investigated. There-
fore, we were interested in examining whether the activity of
PTC124 and other 3,5-diaryl-oxadiazole analogs could be attrib-
uted to posttranslational stabilization of the FLuc reporter itself.

There are several testable scenarios that could explain the
activity of PTC124 in cell-based assays, including transcriptional
activation, posttranscriptional mechanisms such as mRNA sta-
bilization and nonsense codon suppression, and posttransla-
tional stabilization of reporter enzyme levels. In this work we
developed luciferase cell-based and enzyme assays to distinguish
between these scenarios. We show that although PTC124 and
related compounds cause apparent activation in cell-based non-
sense codon suppression assays using a FLuc reporter, they are
inactive in the same assay when a different bioluminescent
reporter, Renilla reniformis luciferase (RLuc) is used as the
reporter. Correspondingly, we find that PTC124 is a potent
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Fig. 1. Posttranslational reporter stabilization in gene activation assays. (A) Luciferase reporter protein half-life differs in cells not treated (Upper) and treated
(Lower) with an inhibitor of the luciferase enzyme. (Lower) Interaction of the inhibitor with the luciferase protein stabilizes the protein, thereby increasing the
protein half-life and allowing increased accumulation of reporter protein in the cell. (B) Level of apparent reporter activation depends on properties of the
luciferase inhibitor and the assay detection protocol used. After incubation with compound, the cells are lysed, and luciferase detection reagents are added,
which may result in displacement of the inhibitor from the reporter (i, illustrated in the schematic of cells) or the inhibitor may remain bound to the reporter
(if, illustrated in the schematic of cells). Shown is the theoretically observed activity of the reporter in the cell-based assay (blue lines) and activity against the
reporter enzyme determined in a biochemical assay where substrates are at low concentrations (e.g., =Km; orange lines). (Insets) Increase in enzyme
concentration in the cell-based assay as a result of inhibitor-based stabilization. (i) If the cells are treated with a compound that acts as a reversible competitive
inhibitor of luciferase (orange curve), after interaction and stabilization of the luciferase protein (/Inset), the compound can be effectively competed off the
luciferase enzyme after cell lysis and treatment with detection reagent containing excess substrates. In this scenario, apparent activation is observed in the
cell-based assay (blue curve) that parallels the inhibition of the reporter enzyme in a cell-free, biochemical assay (orange curve). Alternatively, reversible
noncompetitive inhibitors may be removed by washing the cells free of compound before detection resulting in the same apparent activation. (ii) If the cells are
treated and detected in the presence of a compound that acts as a irreversible inhibitor or a noncompetitive of the luciferase enzyme (orange curve) where the
inhibitor is not removed before detection, stabilization of the reporter enzyme still occurs (Inset), but in this scenario inhibition is likely observed (blue curve)
because the inhibitor is not displaced from the enzyme during detection. More complex apparent activation behavior such as bell-shaped concentration-
response curves may also occur, which are further detailed in S/ Appendix.

reversible inhibitor of purified FLuc but is inactive against
purified RLuc. In fact, we found that the inhibition potency of
PTC124 and analogs against purified FLuc matches the potency
of activation observed for these compounds in the cell-based
nonsense codon suppression assay. Finally, we demonstrate that
incubation of purified FLuc with PTC124 protects the protein
against degradation by the protease trypsin. Our results there-
fore indicate that PTCI124 interaction with FLuc leading to
stabilization of this reporter enzyme is the probable cause for
apparent activation of FLuc in cell-based nonsense codon sup-
pression assays.

Results and Discussion

Synthesis of PTC124 and Analogs. To examine the possibility of a
pharmacological connection between the activity of PTC124 in
biochemical and cell-based assays involving FLuc, we synthe-
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Fig.2. Structures of compounds used to evaluate the assays. Shown are the
3,5-diaryl-oxadiazole core (1) present in PTC124 (1a) and analogs synthesized
inthis work (1 b-k), aminoglycosides G418 (2a) and gentamicin (2b), the HDAC
inhibitor MS-275 (3), the RLuc inhibitor 4-methyl-N-(phenylmethyl)benzene-
sulfonamide (4), and the benzthiazole-based FLuc inhibitors (5 a and b).
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sized PTC124 and 10 analogs (see Fig. 2 and SI Appendix for
details on synthesis and characterization). These compounds
were used in the experiments described below in an effort to
investigate the structure activity relationship in this subclass of
3,5-diaryl-oxadiazoles.

PTC124 Inhibits the FLuc Enzyme and Is Active in a FLuc Nonsense
Codon Suppression Cell-Based Assay. The FLuc cell-based assay was
constructed to be similar to that performed by Welch et al. (9)
in their discovery of PTC124 (9). We constructed a plasmid
containing the coding sequence for FLuc with an in-frame
nonsense mutation (UGA) at codon 190 (pFLuc190YC4; ST
Appendix, Fig. S4), effectively truncating the polypeptide before
the amino acids comprising the substrate-binding pocket. We
also developed a purified FLuc enzyme assay to test directly for
specific luciferase inhibition.

We evaluated cell-based luciferase reporter activity after
transfection of the stop codon construct in the presence of
several compound classes (Fig. 2). PTC124 (1a) showed potent
inhibition against purified FLuc (Fig. 34i, filled circles) and
consistent with the original report displayed an activation re-
sponse in the pFLuc190YCA cell-based assay, here with an ECs
= 30 = 20 nM (Fig. 34i, open circles). The original report stated
that maximal activation occurred at ~3 uM, which is in good
agreement with what was observed here given differences in the
protocols (e.g., transient vs. stable cell lines).

The Cell-Based Nonsense Codon Suppression Assay Is Sensitive to
Aminoglycosides and a Histone Deacetylase (HDAC) Inhibitor. Al-
though we were able to establish that PTC124 caused apparent
activation in our cell-based nonsense codon suppression assay, it
was important to confirm the sensitivity of our assay to known
nonsense codon suppressors: the aminoglycosides G418 and
gentamicin. Aminoglycosides are commonly used antibiotics that
target and interfere with prokaryotic translation, but they also
target eukaryotic 16S rRNA at low affinities (10-13), causing a
decrease in fidelity during polypeptide elongation and thus
increasing the frequency of reading through a premature termi-
nation codon (14).

We found that our pFLuc190Y64 cell-based assay was respon-
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Compound 4 shows activation of RLuc in the cell-based
assay (Upper, open squares) after 72-h treatment with
compound, and inhibition of purified RLuc enzyme
(Lower, filled squares). (i) Antibiotic treatment for
72 h with G418 or gentamicin alone or in combination.
Similar to what is seen for pFLuc190YSA experiments,
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sive to the aminoglycosides G418 and gentamicin (Fig. 3Aii,
compounds 2a and 2b) as has been observed for other cell-based
luciferase reporter systems where aminoglycosides can induce
nonsense codon suppression in mammalian cells (15-22). Fur-
ther, we observed that aminoglycoside treatment has the poten-
tial to desensitize the assay for nonsense codon suppression
activity (Fig. 34ii). This may explain the lack of response to
gentamicin by the FLuc reporter assay described by Welch et al.
(9). In this case, maintenance of cell lines that stably express the
FLuc reporter may require persistent application of antibiotics,
which are commonly aminoglycosides. Our results indicate that
this may attenuate any potential assay response to compound-
mediated readthrough. For this reason we developed a transient
FLuc reporter expression system, which allowed us to omit the
antibiotics typically used in selectable marker maintenance (such
as G418 or hygromycin B). However, consistent with genuine
stop codon suppression, neither compound G418 nor gentamicin
inhibited FLuc enzymatic activity (no inhibition at 1-2 mM; SI
Appendix, Fig. S6). We also found that our assay system was
robustly responsive to the well-used HDAC inhibitor MS-275
(compound 3, Fig. 3A4iii), which significantly increased FLuc
activity, presumably via transcriptional activation (23). MS-275
was also determined to be inactive as a direct FLuc inhibitor up
to a 125 uM testing concentration (SI Appendix, Fig. S7).

PTC124 Is Specific for FLuc. We also developed an analogous
cell-based assay by using the identical plasmid backbone to
pFLuc190YS4, but in this case, replacing the FLuc coding
sequence with that of the RLuc coding sequence containing an
in-frame stop codon mutation (UGA) at position 110
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days (n = 2 or 3) are expressed as the percentage
activity = SEM.

(pRLuc110YS4; ST Appendix, Fig. S5). This location was chosen
because it is not significantly involved in luciferase activity and
has been used to create a split RLuc reporter assay where neither
enzyme fragments are active alone (24, 25). Therefore, we
reasoned that misincorporation of an amino acid at this position
because of stop codon suppression, if it occurred, would not
adversely affect RLuc enzyme activity.

We next tested compound activity in this identical cell-based
nonsense codon assay system by using the unrelated biolumi-
nescent RLuc reporter. Consistent with the lack of PTC124
activity against purified R Luc enzyme (Fig. 3Bi, filled circles), no
cell-based activation indicative of apparent readthrough was
observed by using the bioluminescent reporter pRLuc110YGA
for a 72-h incubation time (Fig. 3Bi, open circles), an incubation
time where strong cell-based activation was observed for
PTC124 within the FLuc assay (1,300 = 150% activation; SI
Appendix, Fig. S8). If PTC124 was indeed acting via nonsense
codon suppression, we would have expected to observe cell-
based activation in the pRLuc110YGA assay. We did find,
however, that the pRLuc110YSA was responsive to the amino-
glycosides G418 and gentamicin (Fig. 3Bii) and to treatment with
MS-275 (Fig. 3Biii), suggesting that the transcriptional and
translational modulation of the pRLuc110YS reporter is de-
tectable. Because both reporter constructs contained the same
promoter and plasmid backbone, we infer that the PTC124-
mediated activity observed only for pFLuc190YCA is not medi-
ated by transcriptional or translational mechanisms.

An RLuc-Specific Inhibitor Shows Apparent Activation in the RLuc

Nonsense Codon Suppression Cell-Based Assay. The selectivity of
PTC124 for FLuc and not RLuc is in agreement with determined

PNAS Early Edition | 3 of 6

PHARMACOLOGY


http://www.pnas.org/cgi/data/0813345106/DCSupplemental/Appendix_PDF
http://www.pnas.org/cgi/data/0813345106/DCSupplemental/Appendix_PDF
http://www.pnas.org/cgi/data/0813345106/DCSupplemental/Appendix_PDF
http://www.pnas.org/cgi/data/0813345106/DCSupplemental/Appendix_PDF
http://www.pnas.org/cgi/data/0813345106/DCSupplemental/Appendix_PDF
http://www.pnas.org/cgi/data/0813345106/DCSupplemental/Appendix_PDF

A 750 B
5001 5001 300
Cell based $1500 5 )
— c = €
g 250] 250 g 2507 2 bso
2 1008 2 10
2z  off 2 o
[*] Q
< <
-50 -501
Enzyme
-100- - -100- 9
-10 8 -6 -4 -10 -8 -6 -4 9

Log[Cmpds 1a, 1h, 1k], M

Log[Cmpds 5a, 5b], M

-7
Log IC50

Fig.4. Relationship of PTC124 cell-based activity with FLucinhibition potency. (A) (Upper) FLuc activity from Grip-Tite 293 cells transfected with the pFLuc190Y¢A
construct and treated with PTC124 (1a, open circles) and PTC124-analogs 1h (open squares) and 1k (open triangles). (Lower) Activity of purified FLuc enzyme
with Kn, concentrations of substrates with treatment of compound 1a (filled circles), 1h (filled squares), and 1k (filled triangles). (B) Activity of benzthiazole-based
FLuc inhibitors (5a, circles; 5b, squares) in the cell-based assay with 293 cells transfected with the pFLuc190YA construct (Upper) and in the purified FLuc assay
(Lower). (C) Pharmacological correlation of the ECs for activation in the pFLUc190YGA cell-based assay with the ICsq derived against purified luciferase enzyme
(r? = 0.85; dashed lines represent the 95% confidence intervals). Mean = SEM are from two to four replicates that were repeated on 2 separate days.

specificity of FLuc inhibitors containing a 3,5-diaryl-oxadiazole
core, determined to be inactive at RLuc (8). We have identified
an inhibitor specific for RLuc (compound 4, Fig. 2) with an ICs
= 1.2 = 0.1 uM (Fig. 3Bi, filled squares). This compound, in fact,
was capable of inducing apparent readthrough activity in the
cell-based pRLuc110YSA reporter assay (Fig. 3Bi, open squares)
with an ECsp = 0.4 *£ 0.2 uM. These findings support the
existence of a more general phenomenon in which the interac-
tion of a chemical inhibitor with a specific bioluminescent
reporter can be the basis of observed apparent readthrough
activity in these cell-based assays, without the compound having
genuine activity on targets in the intentional biological system.

PTC124 and Analogs Show a Strong Correlation Between FLuc Inhibi-
tion and Apparent Activation in the FLuc Nonsense Codon Cell-Based
Assay. We next determined the potencies of PTC124 (1a) and 10
analogs (1 b--K), as well as structurally dissimilar FLuc inhibitors
(5 a and b, respectively; Fig. 2), in both the purified FLuc and
cell-based pFLuc190Y6A assays (Fig. 4 A and B). Comparison of
the ICs of these compounds against purified FLuc with the ECs,
for activation in the pFLuc190YS4 cell-based assay revealed a
strong correlation (r> = 0.85; Fig. 4C). We noted that the
PTC124 analog (1h) that demonstrated >100-fold weaker po-
tency against the FLuc enzyme (ICsp = 1.4 = 0.7 uM; Fig. 44,
filled squares) also showed a correspondingly weaker activation
response in the pFLuc190YGA cell-based assay (ECsp = 0.50 +
0.14 uM; Fig. 44, open squares). Additionally, compound 1k, a
weak inhibitor against the firefly luciferase enzyme (ICsy = 30 =
20 uM; Fig. 44, filled triangles), also demonstrated poor acti-
vation in the pFLuc190VGA cell-based assay (ECso >50 uM; Fig.
44, open triangles). This trend held for the structurally dissimilar
benzthiazole-based firefly luciferase inhibitors, compounds 5a
and 5b (Fig. 4B), and additional 3,5-diaryl-oxadiazole analogs (1
b—k), which were found to recapitulate the apparent nonsense
codon suppression in pFLuc190YGA assays via “activation” of
FLuc activity in the cell-based assay (SI Appendix, Fig. S7).
Further, we found that all of these analogs were inactive in the
analogous RLuc reporter assay (SI Appendix, Fig. S7). This
remarkable pharmacological relationship between FLuc inhibi-
tion and cell-based activation activity strongly suggests that
inhibition of FLuc and subsequent stabilization of FLuc protein
mediate the apparent nonsense codon suppression activity of
PTC124.

PTC124 Decreases FLuc Proteolysis, but Not RLuc. Firefly luciferase
contains two domains, linked by a hinge region that, upon
substrate binding, reorientate to form a closed conformation (26,
27). Ligand binding to firefly luciferase has been shown to

40f6 | www.pnas.org/cgi/doi/10.1073/pnas.0813345106

protect the enzyme from proteolysis, and a similar stabilization
mechanism has been found for other enzymes (6, 28). We
examined the ability of PTC124 to protect purified FLuc and
RLuc from trypsin digestion (Fig. 5). We found that 2 uM
PTC124 slowed the proteolysis half-life of firefly luciferase by
~2-fold but showed no effect on the proteolysis half-life of
RLuc. This finding supports the premise that an enzyme con-
formation that is less susceptible to proteolysis is induced in the
presence of a potent inhibitor, thereby prolonging half-life of
inhibitor-bound FLuc in cells or cell extracts.

Concluding Remarks. The strong potency of the 3,5-diaryl-
oxadiazole PTC124 against FLuc was likely achieved as a result
of chemical optimization efforts in which thousands of analogs
were prepared based on their activity in the original FLuc
cell-based assay performed by Welch et al. (9). Our identification
of the 3,5-diaryl-oxadiazole class of FLuc inhibitors emerged
from screening the MLSMR (8). The most potent 3,5-diaryl-
oxadiazoles identified from the MLSMR screen showed an ICsg
~(0.2 uM, but none of these compounds was subjected to
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Fig. 5. PTC124 selectively decreases proteolysis of FLuc by trypsin. Purified
luciferase enzymes were incubated with trypsin in the presence (filled sym-
bols) and absence (open symbols) of 2 uM PTC124. Aliquots were removed and
diluted (90-fold) with the appropriate luciferase detection buffer. Data shown
are the mean = SE from three determinations. Circles, Fluc; triangles, RLuc.
Values for t; are: RLuc, 4 + 0.1 min; RLuc with PTC124, 5 + 0.2 min; Luc, 8 +
0.4 min; Luc with PTC124, 17 = 0.9 min.
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chemical optimization efforts aimed at developing more potent
FLuc inhibitors. The >20-fold greater potency of PTC124 was
likely caused by the medicinal chemistry efforts aimed at opti-
mizing the apparent readthrough activity as monitored by FLuc
reporter activity, mistakenly used as a unique measure of
nonsense codon suppression.

We have thus presented four lines of evidence supporting the
contention that the initial discovery of PTC124 may be attrib-
utable to posttranslational inhibitor-based reporter stabilization.
(i) PTC124, a member of the 3,5-diaryl-oxadiazole class of
luciferase inhibitors, potently inhibits Fluc. (ii) Structurally
unrelated FLuc inhibitors show similar levels of activation in
FLuc-dependent reporter assays of nonsense codon suppression.
(iii) The cell-based activation of FLuc activity is pharmacolog-
ically equivalent to the potency of the compound against the
enzymatic reporter. (iv) No apparent nonsense codon suppres-
sion is observed when employing a luminescent reporter (R Luc)
whose enzymatic activity is refractory to inhibition by PTC124.

Our data show that PTC124 and its analogs mediate activation
of FLuc activity in cell-based assays in a manner that is strongly
associated with reporter inhibition. Unlike our cell-based non-
sense codon suppression assay, which has demonstrated respon-
siveness to aminoglycosides, known nonsense codon suppres-
sors, the assay described by Welch et al. (9) was unresponsive to
tested concentrations of aminoglycosides, suggesting that their
assay may have had reduced sensitivity to compound-mediated
readthrough. In addition, the cause of increased luciferase
activity detected in their assay could be the result of several
different mechanisms, none of which could be distinguished:
transcriptional activation, nonsense codon suppression, or in-
hibitor-based reporter stabilization. We demonstrate here that
all of these mechanisms can produce activation of the reporter
response and that these mechanisms can only be distinguished by
implementing analogous alternative reporter assays that serve as
appropriate controls. Oftentimes such “counterscreens” can be
useful for identifying off-target activity (29, 30). Further, the
mechanism of inhibitor-based reporter stabilization is consistent
with the production of FLuc from synthetic FLuc mRNA
containing different premature termination codons when incu-
bated with HeLa cell-free extracts, as well as the negative data
presented in the original study, where it was demonstrated that
PTC124 does not produce readthrough of normal or contiguous
stop codons or affect mRNA levels (9). Currently, it has been
speculated that PTC124 interacts with the ribosome that,
through a currently unknown mechanism (31, 32), facilitates
readthrough specifically of premature stop codons. However, the
simplest explanation for PTC124 activity and the congener
structure—activity relationship in the cell-based nonsense codon
suppression assay is posttranslational stabilization of the lucif-
erase reporter enzyme.

After the initial identification of PTC124 in the cell-based
nonsense codon suppression assays, Welch and coworkers (9, 33)
provided evidence of increased full-length protein expression
from disease genes containing premature stop codons upon
treatment with PTC124. Functional studies have also been
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performed to show partial rescue of protein function in mouse
models and in clinical trials with PTC124 treatment (9, 33, 34).
It is thus possible that PTC124 does have nonsense codon
suppression activity, in addition to activity as a FLuc inhibitor.
However, it is presently not clear how strong activity associated
with FLuc inhibitor-based reporter stabilization could have been
distinguished from genuine nonsense codon suppression activity
because all of the initial assays leading to the discovery of
PTC124 were FLuc-based.

Methods

Luciferase Reporter Assays. Constructs containing the coding region for wild-
type or mutant firefly or RLuc were prepared by GenScript. Site-directed
mutagenesis to create premature termination codons within the luciferase
genes and subsequent sequencing of the full-length cDNAs were also per-
formed by GenScript. For sequences of each mutagenized construct, see S/
Appendix. Purified DNA (10 ug per T175 flask) was transiently transfected into
either HEK293 cells or Grip-Tite 293 MSR Cells. Grip-Tite 293 cells are derived
from the 293 line of embryonal human kidney cells (Invitrogen) and demon-
strate greater adherence. All cell-based assays were performed in 1,536-well
plates with an assay volume of 4.5 uL per well. Comparative cell-based
experiments were performed with cells from the same batch of transfected
cells to control for transfection efficiency. Cells were incubated with com-
pound or antibiotic for 16-72 h. In experiments with Grip-Tite cells, cells were
washed with PBS before the addition of detection reagent containing the FLuc
or RLucsubstrate. Luminescence from luciferase activity was detected by using
ViewLux (PerkinElmer). Experimental plates contained the transcriptional
activator MS-275 as a positive control and DMSO-treated cells or mock-
transfected cells as a negative control. Percentage activity was defined as the
percentage signal above DMSO-treated cells. Detailed protocols for the tran-
sient transfection and cell-based assays are provided in S/ Appendix. Experi-
ments demonstrating inhibition of purified enzyme were conducted in a total
assay volume of 4 ulL per well in 1,536-well microplates.

Trypsin Digest. Bovine trypsin was obtained from Sigma as a lyophilized
powder and dissolved in 50 mM Tris acetate buffer (pH 7.5) immediately
before use (at 20 mg/mL). After mixing of trypsin (170 nM final concentration)
with luciferases (450 nM final concentration) in the presence or absence of 2
uM PTC124 in 50 mM Tris acetate (pH 7.5), 10 mM Mg acetate, 0.05% BSA, the
reaction was diluted 1:90 with Steady-Glo luciferase (Promega) detection
reagent at the appropriate time points, and luminescence was determined on
the ViewLux.

Synthesis of PTC124 and Analogs. The small-molecule PTC124 was prepared by
using a method similar to the one described by Welch et al. (9), and synthetic
schemes and supporting analytical data are provided in S/ Appendix.
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